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TITLE: Apparatus and method for testing fuses 

Brief Summary Text (9) : 

Antifuses are typically fabricated with a structure similar to that of a capacitor, 
such that two conductive electrical terminals are separated by a dielectric layer. 
In the unprogrammed state, in which the antifuse is fabricated, there is a high 
resistance between the terminals, while in the programmed state, there is low 
resistance . To program an antifuse, a large programming voltage is applied across 
the antifuse terminals, breaking down the interposed dielectric and forming a 
conductive link between the antifuse terminals. 



1. A method for testing a programmed fuse in an integrated circuit, the method 
comprising: selecting a control resistor fabricated to have a known resistance ; 
measuring a testing time for the control resistor having the known resistance ; 
measuring a testing time for the programmed fuse having an unknown resistance; and 
comparing the testing time for the programmed fuse against the testing time for the 
control resistor and determining the resistance of the programmed fuse therefrom, 
applying a voltage to the control resistor; and measuring a time period for the 
voltage to decay to a decayed voltage less than or equal to a reference voltage. 

2. The method of claim 1, further comprising selecting a resistance value of the 
control resistor from a plurality of known resistances according to a design 
parameter . 

4. The method of claim 1, wherein measuring the testing time for the control 
resistor further comprises: selecting the control resistor from a plurality of 
resistors having known resistances ; initializing a reference voltage in a testing 
circuit; applying a pre-charge voltage across the control resistor; allowing the 
pre-charge voltage to decay; determining a first time at which the pre-charge 
voltage has decayed to a value less than the reference voltage in the testing 
circuit; adjusting the reference voltage in the testing circuit to obtain an 
updated reference voltage; applying the pre-charge voltage across the control 
resistor; allowing the pre-charge voltage to decay; determining a second time at 
which the pre-charge voltage has decayed to a value less than the reference voltage 
in the testing circuit; repeating adjusting through determining a second time if 
the second time is less than the first time; and selecting the first time as the 
testing time for the control resistor. 

5. The method of claim 1, wherein measuring the testing time for the control 
resistor further comprises: selecting the control resistor from a plurality of 
resistors having known resistances ; initializing a reference voltage in a testing 
circuit; applying a voltage across a control resistor; causing the voltage across 
the control resistor to charge; determining a first time at which the voltage 
across the control resistor has increased to a value greater than the reference 
voltage in the testing circuit; adjusting the reference voltage in the testing 
circuit to obtain an updated reference voltage; applying a voltage across the 
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control resistor; causing the voltage across the control resistor to charges- 
determining a second time at which the voltage across the control resistor has 
increased to a value greater than the reference voltage in the testing circuit; 
repeating adjusting through determining a second time if the second time is less 
than the first time; and selecting the first time as the testing time for the 
control resistor. 

15. The method according to claim 14 wherein selecting the control resistor further 
includes selectively connecting at least two resistors having known resistances to 
produce a desired resistance value for the control resistor. 

16. A method for testing a programmed fuse in an integrated circuit, comprising: 
selecting a control resistor having a known resistance ; selecting a reference 
voltage; applying a test voltage across the control resistor; comparing the test 
voltage across the control resistor to the reference voltage; measuring a test time 
when the test voltage matches the reference voltage; selecting a programmed fuse 
having an unknown resistance; applying the test voltage across the programmed fuse; 
comparing the test voltage across the programmed fuse to the reference voltage; 
measuring a fuse time when the test voltage matches the reference voltage; 
comparing the test time to the fuse time to determine if the fuse was programmed 
correctly. 

19. A method for testing a programmed fuse in an integrated circuit, the method 
comprising: selecting a control resistor on the integrated circuit which has a 
known resistance ; measuring a testing time for the control resistor having the 
known resistance ; measuring a testing time for the programmed fuse having an 
unknown resistance; and comparing the testing time for the programmed fuse against 
the testing time for the control resistor to determine if the programmed fuse was 
properly programmed. 

20. A method for testing a programmed fuse in an integrated circuit, the method 
comprising: selecting a control resistor to have a selectable known resistance ; 
selecting a resistance .value for the control resistor; measuring a testing time for 
the control resistor; measuring a testing time for the programmed fuse having an 
unknown resistance; and comparing the testing time for the programmed fuse against 
the testing time for the control resistor to determine the resistance of the 
programmed fuse to determine if the programmed fuse was properly programmed. 

22, A method for testing programmed fuses in an integrated circuit, comprising: 
selecting a control resistor onto the integrated circuit fabricated to have a known 
resistance ; measuring a control testing time for the control resistor; selecting a 
first programmed fuse having an unknown resistance; measuring a first testing time 
for the first programmed fuse;- comparing the testing time for the programmed fuse 
against the testing time for the control resistor to determine the resistance of 
the first programmed fuse; changing the control testing time to a changed control 
testing time; selecting a second programmed fuse; measuring a second testing time 
for the second programmed fuse; and comparing the second testing time for the 
second programmed fuse to the changed control testing time to determine the 
resistance of the second programmed fuse. 

23. A method for testing the state of a programmed anti-fuse in an integrated 
circuit, the method comprising: fabricating a control resistor on the integrated 
circuit to have a plurality of selectable resistance values; selecting a known 
resistance value for the control resistor from the plurality of selectable 
resistance values; measuring a decay time for the control resistor to produce a 
known decay time corresponding to the known resistance value; measuring a decay 
time for the programmed anti-fuse having an unknown resistance value; and comparing 
the decay time for the programmed anti-fuse to the known decay time to determine 
the resistance value of the programmed anti-fuse. 
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24, A method for testing a prograinmed anti-fuse in an integrated circuit, the 
method comprising: fabricating a control resistor on the integrated circuit to have 
a plurality of selectable resistance values; selecting a known resistance value for 
the control resistor from the plurality of selectable resistance values; applying a 
pre-charge voltage across the control resistor; comparing a decay voltage for the 
control resistor to a reference voltage to produce a known decay time corresponding 
to the known resistance value; applying the pre-charge voltage across the 
programmed anti-fuse; comparing a decay voltage for the programmed anti-fuse to the 
reference voltage to determine an anti-fuse decay time to for the programmed anti- 
fuse; and comparing the known decay time to the anti-fuse decay time to determine 
if the anti-fuse was properly programmed. 

25. A method for testing a programmed anti-fuse in an integrated circuit, the 
method comprising: fabricating a control resistor on the integrated circuit to have 
a plurality of selectable resistance values; selecting a known resistance value for 
the control resistor from the plurality of selectable resistance values; applying a 
pre-charge voltage across the control resistor; comparing a decay voltage for the 
control resistor to a reference voltage; measuring the time it takes for the decay 
voltage to match the reference voltage and producing therefrom a decay time for the 
control resistor; adjusting the reference voltage to produce an adjusted reference 
voltage; applying the pre-charge voltage across the control resistor; comparing the 
decay voltage for the control resistor to the adjusted reference voltage; measuring 
the time it takes for the decay voltage to match the adjusted reference voltage and 
producing therefrom a new decay time for the control resistor; applying the pre- 
charge voltage across a programmed anti-fuse; comparing a decay voltage for the 
programmed anti-fuse to the adjusted reference voltage; measuring the time it takes 
for the decay voltage to match the adjusted reference voltage to determine if the 
programmed anti-fuse was properly programmed. 
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(57) ABSTRACT 

Avoltage is applied across a control resistor, and the voltage 
is caused to decay. The decay is monitored by a testing 
circuit such as a comparator. When the voltage across the 
control resistor has decayed to a value less than or equal to 
a reference voltage in the comparator, a switch time period 
is established. Fuses in a memory device are tested against 
the established switch time period. The fuses are tested in a 
similar fashion: a voltage is applied across the fuse being 
tested, and the voltage is caused to decay. The comparator 
monitors the decay of the voltage across the fuse. If the 
resistance value of a fuse being tested is within specification, 
the comparator changes its state at a time equal to or less 
than the switch time period established for the control 
resistor. Testing time for fuses can further be minimized by 
having an extemal access to the reference in the comparator. 
In establishing the switch time period by applying a voltage 
across the control resistor, the voltage of the reference in the 
comparator is adjusted to establish quicker switch time 
periods against which fuses are tested. In this manner, 
testing time is minimized. 
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